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I«  Brlof  Suimary  of  Plndlnga  undor  Controot, 

BaotoriAf  tuncobio  oystc,  oad  ataphyjLoooooufi  phago  partioloi  u«od 
as  virus  simuloatsj  wore  offeotlvoly  romovod  fron  distlllod  wator 
susponsionti  undor  laboratory  oonuftlonsj,  by  aorating  thoso  suspensions 
for  fivo  to  ton  ninutos  with  fine  bubbles,  after  addition  of  3  or  10 
ng^l  of  several  quatornary  omonium  oonpeunds*  Tho  organisns  wore 
prosumbly  oithor  klllod  by  tho  disinfooting  aotion  of  tho  quatomarios, 
or  ronovod  in  tho  foon  of  air  bubbles  ooning  off  tho  susponsions  or  both* 
Tho  proooduro  soonod  to  offer  prorrvso  as  a  noons  for  rapid  purification 
of  water  with  sinplo  oquipnent  in  the  field.  Further  investigation 
showod  that  tho  ronoval  was  adversely  of  footed  by  lowering  tho  tonpora- 
turo  of  the  water.  It  was  also  adversely  offooted  "tiy  several  oonpononts 
present  in  natural  waters t  thoso  identified  in  tho  tino  available  for 
rosoaroh  vroro  (a)  tho  hardness  ions,  0i++  and  Mg++  (b)  tri valent  ions 
such  as  Al"*^  and  presumably  Fo'*’*^(o)  orgaaio  color  compounds  and  pro- 
sunably  other  organic  matter  (d)  turbidity  when  present  along  v/ith 
faotor  (a),  Tho  prosonoo  of  other  unidentified  intorforonoos  is  in¬ 
dicated,  Tho  adverse  offcots  aro  rou^ly  additive,  so  that  a  highly 
oolorod,  hard  natural  v<ator  at  a  low  temperature  ird^t  require  50  or  100 
ng/l  of  quaternary,  and  aeration  for  a  much  longer  period,  to  arrive  at 
Q  satisfactory  degree  of  purification,  Blcotrophorotio  oxporimonts 
sh(W7od  that  tho  addition  of  quatornarios  to  distlllod  water  susponsions 
of  ooliforin  organisms  produced  a  reversal  in  sign  of  ohargo— from 
negative  to  positive— in  tho  orgardsias,  at  very  low  quatornary  dosages, 
VJhon  any  of  the  adverse  factors  wore  present,  this  rovorsal  in  sign 
required  vory  ciuob  groator  amounts  of  quatornary,  Tho  presumption  is 
that  t}ic  adverse  factors  intorforo  in  various  v/ays  v/ith  tho  sorption 
of  que, tornary  by  tho  organism, 

Sinoo  tho  proooss  proved  so  sensitive  to  conditions  and  v/ator 
oonpononts  likoly  to  bo  enoountored  in  tho  fiold,  it  was  oonoludod 
that  further  invostigation  of  tho  proooss  as  a  fiold  wator-purifioation 
mothod  was  unv/arrantod  at  prosont.  If  moans  can  bo  found  for  over¬ 
coming  tho  advorso  of  foots  onoountorod  in  Jiatural  waters,  this  oon- 
olusion  would,  of  course,  bo  altered, 

II,  Background  and  Purpose  of  Research, 

This  rosoaroh  project  was  initiated  to  investigate  tho  possibility 
of  purifying  water  by  flotation  with  quatornary  amnonium  compounds  and 
air,  Qs  originally  suggested  by  Profossor  S,  H,  Hopper  of  Indiana 
University,  Sinoo  Hio  proooss  oonocivably  oould  bo  adapted  to  wator 
purification  for  military  installations  in  tho  fiold,  a  rosoaroh  pro¬ 
gram  was  aponscrod  by  tho  Office  of  tho  Surgeon  General,  Dopartraont  of 
tho  Art-y,  The  pttxpooo  of  this  rosoaroh  was  to  investigate  in  detail 
tho  offootivonosi  of  tho  proooss  in  ronovlng  tho  various  olassos  of 
pathogens,  namely  bootoria,  omoobio  oysts,  ond  viruses  from  oontaminatod 


waters.  If  ohoouraginc  results  wore  obtained  the  oontraotors  v/oro  to 
prooood  with  the  rosaoroh  nooesoory  to  adapt  the  proooes  for  uso  in  tho 
field, 

Cov.  T  '  ^  5r  this  Report, 

Tho  results  obtained  for  tho  entire  duration  of  tho  oontraot  fron 
1  Juno  1952  to  August  195^#  aro  prosontod  in  oondonaod  fona  in  this 
report* 

IV,,  Outlino  of  Exporir^ntal  Mothods, 

Susponsiuns  of  Icnovm  conoontration  of  tho  orgcaaisna  studied  -  oolifom 
baotoria,  t^sts  of  Entanooba  histolytica,  and  Staphylooooous  phago  -  in 
distilled,  aynthotio,  and  natural  vyators  v/oro  plaood  in  aeration  vessels 
r.iado  fron  Sodgwiok-R^tor  funnels.  The  desired  quantities  of  quatornazy 
annoniun  oonpounds  v/oro  added,  Tho  preparations  v/crc  then  aerated  for  a 
apooifiod  tine  and  at  a  spooifiod  rate,  using  porous  alundur.  gas  dispersers* 
Tho  foam  fomod  v;aa  ronovod  tTCi.\  tho  top  of  the  vessel.  In  oortain  ex- 
pfrinonts,  addition  of  quaternary  and  aoration  v.as  ropoatod  a  second 
tiiM,  The  nunbors  of  tho  spooific  organisns  roraining  v/oro  dotorrlnod 
by  appropriate  toohniquesz  diroot  plating,  laotoso  tubes  or  Liilliporo 
filters  for  the  ooliforns}  ocntrifugingjiaiorosoopic  count  and  culturing 
in  appropriate  laodiun  for  onoobio  cysts j  and  addition  to  staphylcooocus 
plato  oulturoa  for  tho  phago, 

Tho  list  of  quaternary  onaoniun  conpounds  triod  is  given  bolov/j 

1,  Ifyatd.no  1622  •  Diisobutyl  phonoay  othoxy 
othyl  dinothyl  bonzyl  atsaoniun  ohlorido 

2,  Zophiran  •  Ally!  dinotliyl  benzyl  atmoniun 
ohlorido 

3,  Bradosol  ,  Alkyl  dincthyl  bonisyl  ara.'.oniua 
ohlorido 

1|,  Q-vulsopt  ,  N-(aoyloola3-.iinofomyl  methyl) 
pyridiniun  ohlorido 

5,  Arquad  I  •  DiaUyl  diticthyl  ainoniun 
ohlorido 

6,  Coopryn  *  Cotyl  pyridiniun  clilorido 
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V*  Ronoval  of  Collfom  Ortonisna  frcaa  Distilled  VVator  Suspensions. 

Several  hundred  oxpotixaonts  were  run  on  oolife^'n  susponsiens  in 
distilled  water.  The  range  ef  initial  oolifom  nuxiMors  was  frem 
35  x  10°  to  00  X  10°  organisna  per  100  ml  of  water;  within  thl«  range, 
initial  nuBbors  wore  dhown  to  have  no  signif leant  cffcot  on  the  nunbors 
ranaining  after  troateont.  With  oaoh  exporiront,  a  control  v/as  run 
which  roooivod  the  sane  quaternary  dosage  but  no  aeration.  Tho  control 
can  bo  oonsidorod  to  represent  direct  kill  of  tho  organisas  ly  tho 
quatornaiy,  as  distinguished  from  pliysioal  renoval  in  tho  froth#  Re¬ 
duction  of  ooliforn  nunbors  in  the  controls  v/oro  substantial,  but  nearly 
al\mya  loss  than  that  aoourod  ly  aeration  with  tho  quatematy  and  ro« 
noval  of  foain# 

Exporinonts  wore  run  at  throe  tonprraturo  ranges*  7-10®C,  20-22°C, 
and  37°C*  ^  detailed  tabulation  of  those  experinonts  vra.a  given  o>.^ 

pp.  3-5  of  Annual  Report  dated  31  lk>roh  1953a  uhd  further  data  on 
pp*  6-7  of  Annual  Report  dated  1  April"  195^ 

The  findings  v/oro  that  at  37°C  and  at  20-22°C,anounts  of  quaternary 
not  oxooeding  5  to  10  ng/l,  followed  ly  5  to  10  ninuto  aeration,  aiif flood 
to  reduce  tho  initial  oolifom  nmbers  oited  abovo,  to  levels  of  50 
organisms  per  100  ml  of  v/ator  or  loss;  -  in  other  words,  to  produce 
vratcr  of  suffioiont  purity  to  bo  safe  for  drinldng  if  given  nominal 
chlorination,  according  to  U.S.P.H,S.  standards..  At  7-10°C  tho  quaternary 
requiromont  vrcis  inoroasod  to  20  mg/l  to  produce  a  water  of  tho  sano 
quality#  Arquad  T  and  Ccopryn  appeared  to  bo  tho  best  of  tho  quatornarios 
for  oolifom  removal;  this  correlated  rovighly  vdth  the  observed  ability 
of  tho  quaternary  to  produoo  a  stable  foam# 

Figuro  I  illustrates  sono  of  the  data  obtained  for  Arquad  T,  and 
shows  tho  very  oonsidorablo  tempo raturo  effect. 

yi#  Removal  of  fi«  histolytloa  Cysts  from  Susponsiona  in  Distilled  Wator# 

Cyst  suspensions  mado  up  to  oontain  about  3^  to  k5  cysts  per  ml  wore 
treated  with  quaternaries  and  aoratod  in  tho  8ar.*o  i-vuinor  as  tho  con¬ 
form  suspensions.  Similar  control  tests  wore  made.  Tho  treated  sauplos 
were  noutralisod  vdth  aerosol  (10  parts  to  1  part  of  added  quaternary) 
and  oontrifugod.  Tho  oentrifugato  vnxs  oouated  dirootiy  under  tho 
miorosoopo,  and  also  inoubatod  in  nedifiod  Clovcland's  uodiun  to 
dotemino  viability  of  tho  oysts.  Booauso  of  the  proscnco  of  oonsidorablo 
numbers  of  storoh  grains  in  tho  oyst  suspension  tho  tost  solution  showed 
an  approciablo  turbidity.  This  turbidity  v/as  ronovod  during  tho  aoration 
proooss#  Most  of  tho  oxporinents  were  at  room  tonpornturo,  20-23^0; 
a  fow  wore  mdo  at  7-10®C# 
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Tabulationa  of  those  oxporinonts  appear  on  pago  i|  of  Annual  Report 
datod  31  Hgyoh  53  and  page  6  of  Quarterly  Frogross  Report  datcd^l 
Koenber  and  Burmr.izod  in  Tablo  1  0^  tkis  report*  Those  data  siiow 
oonploto  ronoval  of  cysts  ty  dosos  of  5-10  r.\s/litcr  of  tho  hotter  of  the 
quatornorios  at  touporaturo  of  20-23°C  and  7-lC°C, 

Other  tests,  partioulnrly  single  treatnonts  v/ith  5  n&^l  of 
quaternary  sh<nvod  cysts  renaining  in  tho  treated  suspension,  usually 
in  nunbors  ranging  from  10  to  100  in  tho  ontiro  500  nl,  but  occasionally 
as  high  as  2000  cysts  per  5OO  ul.  These  v/ero  all  negative  v/hon  tested 
for  viability,  except  in  t;/o  experiments;  a  positive  result  vras  secured 
from  a  sar.iplo  singly  treated  v/ith  5.- ‘  'Alanine  at  23®C  and  a  positivo 
result  v;as  also  obtained  from  a  sanpic  singly  treated  with  5 
Zophiran  at  7*10°C«  Control  tests,  using  tho  quaternary  arrioniun  oonpo^nds 
without  aeration,  and  aeration  without  qua'i-omary,  v/oro  in  all  eases 
found  to  contain  viable  cysts  in  largo  nunbors.  Cysts  v/sre  rooovorod 
in  largo  nunbors  fron  tho  foan  produced  in  tho  tests,  and  in  nest  oases, 
those  oyats  vtorc  viable,  shewing  that  noohanioal  transfer  is  inportant 
in  the  renoval  of  cysts  fron  tho  water  rather  than  tho  killing  action 
of  tho  quotornary.  By  oontraat,  viable  oolifom  orgaaisns  wore  novor 
rooovorod  fron  tho  foan  in  the  colifom  oxperinonts. 

Fron  those  results,  it  was  oonoludod  that  dependable  renoval  of 
cysts  fron  distilled  v/atcr  suspensions  ooulcl  bo  secured  by  double 
troatnont  with  5  r-g/lof  any  of  tho  quatornoj'ios  studied  at  20-25^0,  ard 
with  neat  of  then  at  7"1C'^C. 

VII.  Renoval  of  Staphylooooous  Phage  fron  .'li stilled  Vfator  Suspensions. 

Tho  work  on  stapl-yiococous  phage  v/r.s  undertaken  to  provi'lc  an 
indication  cf  the  probable  removals  of  pcch^gcnio  virus.  Previous 
work  by  S,  L.  Chang  has  sheva;  that  the  pha*:o  responds  to  disiufoowing 
agents  in  the  sono  way  as  Thoilcr’s  virus.  Furthemoro,  tho  particle 
size  is  conparablo,  A  largo  nvuabor  of  experiments  on  the  removal  of 
ataphyloococus  phage  from  suspensions  in  distilled  water  vroro  made. 
Quantities  of  20  n^l  01'  tho  best  of  the  quatemrxios  used  gave  up 
to  removal  of  the  phage  at  room  (20-25°C)  temperatures  from 

suspensions  containing  initially  fron  15C,X)0  to  3CC#000  partiolos 
per  nl. 

Experiments  v;crc  alec  ;'ndo  at  tcmpcrcturos  of  7-12°C  and  37^C, 

They  shewrod  that  tho  ronovTil  is  adversely  affntod  by  low  tonporaturoo  and 
greatly  improved  at  high  tempo raturos* 

A  series  of  experiments  wore  made  v/ith  an  axuenio  (Jhcoonol) 
and  a  ron-loni.o  (Tween  oO)  dobergont*  These  cxporin.nts  ohowod  tnat 
there  v/as  little  or  no  removal  of  phCigo  in  either  case  although 
oopicus  foaming  was  observed. 
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Tabulationo  of  those  oxporinonts  appear  on  pago  U  of  Annual  Report 
dated  Idhroh  53  end  paw  6  of  <^artorly  Pro  gross  Report  dated  31 
Iteoonber  52  and  surg.m'isod  in  Tabl'o  1  ot  tHis  report.'  Those  data  oil ow 
oonploto  TOTCwal  of  oysts  by  dosos  of  5-10  ng/litcr  of  tho  bettor  of  the 
quaternaries  at  tciiporaturo  of  20-23*^0  and  7-10°C, 

Othor  tests,  particularly  singlo  treatnonts  with  5 
quaternary  showed  oysts  rermining  in  tho  treated  suoponsion,  usually 
in  nunbora  ranging  fron  10  to  100  in  the  ontiro  500  nl,  but  occasionally 
as  high  as  2000  oysts  per  500  til.  These  v/crc  all  negative  when  tosted 
for  viability,  oxoopt  in  two  oxporlnonts;  a  positive  lesult  was  scoured 
fron  a  sai.iplo  singly  treated  v/ith  5  -i  /il^anino  at  23®C  and  a  positive 
result  ims  also  obtained  fron  a  sanpio  singly  treated  with  5  sg/l 
Zophiran  at  7“10°0,  Control  tosts,  using  the  quaternary  anrioniviti  ooapo^pads 
v/ithout  aeration,  and  aeration  without  quaternary,  vraro  in  all  eases 
found  to  contain  viable  oysts  in  largo  nunbors#  Cysts  vrcrc  roooverod 
in  largo  nunbers  fren  tho  foan  produced  in  tho  tests,  and  in  r.iost;  oasos. 
thoso  oysts  v/crc  viable,  shoi/ing  that  uoohanioal  transfer  is  inport  ant 
in  the  rcaoval  of  oysts  fron  tho  i/atcr  rather  than  tho  hilling  aotion 
of  tho  quaternary,  oontraat,  /iablo  oolifem  organisns  v/oro  novor 
roooverod  fron  tho  foan  in  the  eolifom  experinonts, 

Fron  thoso  results,  it  v/as  oonoludod  that  dopondablo  renoval  of 
oysts  fron  distilled  v/atcr  suspensions  could  bo  aoourod  by  douolo 
troatnont  with  5  ng/lof  any  of  tho  quatornarios  studied  at  2C<-23®C,  and 
with  noat  of  thon  at 

VII,  Ronoval  of  Staphylooooous  Phage  fron  Distillod  V<ator  Susponsions, 

Tho  work  on  stapiiylococous  phago  v/r-.s  undertaken  to  provide  an 
indication  of  the  probable  rcnovals  of  pathogenic  virus,  Provious 
v/ork  by  S,  U  Cheng  has  shevai  xhat  th;  phage  responds  to  disinfooting 
agents  in  tho  sono  way  as  Thoilcr^s  virus,  Furthemoro,  the.  particle 
size  is  oonpc.rablo,  A  largo  nmabor  of  cxpcrir.cntr  on  tno  rcr.oval  of 
staphylococcus  phage  fror.  suspensions  in  distillc’  v.atcr  v/ore  rado. 
Quantities  of  20  n^^l  of  tho  boat  of  the  quatcnv.rios  used  g-  /o  up 
to  renevrJ  of  the  phago  at  roor.  (20-250C)  tc.ipoiaturos  fron 

aua pensions  containing  initially  fron  150,000  to  300,300  partiolos 
per  nl, 

Experirwnts  v/crc  alsr  .nado  at  tc-vneraturos  of  7-12'^C  and  37°C, 

Thoy  shovod  that  tho  roricvai  is  advcrsolj'  affootod  by  lew  tonperaturos  and 
greatly  Inprovod  at  high  tor.jjcraturos, 

A  series  of  cxpcrincnti  were  nadc  wit),  an  aniorio  (Kaooonol) 
end  a  non-’onio  (Tween  00)  dotergont.  The  .c  cxi>cr)n  .nts  oh.xvod  that 
there  was  littio  or  no  renoval  of  phr.gc  in  oithor  oaso  although 
oopiouo  foccUng  was  observed# 
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Table  I 


Ramoval  of  E«  Histolytica  Cysts  from  Suspensions  in  Distilled  Water 


0 


20-23°C 


7-iO®C 


Single  Double 
Coapound  Treatment  Treatment 


No.  of  Coiiplete 
Experi-  Removal 
ments  Run  in 


No.  of  Complete 
Experi-  Removal 
ments  Run  i n 


ivrquad  T 

^  $  a(/l 

k 

1 

0 

Ceepryn 

5  nyi 

X 

1 

1 

0 

n 

10  nr/l 

- 

h 

2 

- 

- 

ti 

^  *  S  nr/l 

3 

3 

1 

1 

Zaphiran 

5  +  5 

2 

2 

2 

2 

Emolsept 

10  ms/l 

1 

1 

- 

- 

n 

5  +  5  n^l 

3 

3 

1 

1 

Hyamlne 

10  mg/l 

1 

1 

1 

0 

:i 

5  +  5ftyi 

2 

2 

1 

1 

Bradosol 

10  n^yi 

1 

1 

1 

1 

II 

5  +  5ns/i 

n 

C 

2 

1 

1 

8- 


Tho  oonploto  results  have  been  tabulated  on  p.  7  of  Annual  Report 
dated  31  Ifciroh  195?.  and  p«  3  Annual  Report  dated  1  April 
Figure  II  illustrates  the  offoot  of  dosage  and  tonpora'foro  on  phage 
rouoval  by  Arquad  T.  The  vert  leal  linos  represent  the  range  of  por» 
oontagos  of  the  initial  nunbor  of  phago  partiolos  remaining  after 
aeration* 

VIII,  Removal  of  Turbidity* 

Conoidcrablo  diffiouliy  was  onoountcred  in  producing  ropreso.'’  ~^.tivo 
turbid  water.  The  first  attempts  u+-ili2od  dehydrated  clays  v/hioh  ’.ore 
suspoijdod  in  water*  Results  were  erratic  and  differed  greatly  with  tbo 
ago  of  the  suspension.  It  vas  cv'dcnt  that  the  ohargos  on  the  particles 
wore  being  altered  by  ion-oxchango  processes,  and  that  the  suspensions 
wore  not  typical  of  natviral  turbid  v;ators# 

Satisfactorily  stable  turbid  waters  v/cre  firially  prodaeod  by 
suspending  the  finely  divided  peri  Ion  of  bottom  sodimonts  of  a  local 
stream  and  a  pond.  The so  gave  noro  oonsistont  results  in  removal  ox- 
porinents,  and  soonod  tc  bohavo  like  natural  turbid  v/ators. 

Results  of  experiments  on  those  v;ators  oro  sho\vn  in  Tablo  II* 

In  tho  course  of  these  exporirvants  the  pH  of  tho  v/atcr  was  adjusted  over 
a  fairly  wide  range.  It  is  oor-.parativoly  easy  to  reduce  an  initial 
turbidity  of  units  to  less  than  5  units  vath  a  single  10  mg/l 

dose  of  quatornarif,  aerated  for  1C  lanutcs,  Tho  pH  value  has  little 
or  no  effect  on  removals 

Qualitatively,  tho  initial  foam  produced  in  tho  samples  appoarod 
clcarj  tho  bulk  of  the  turbidity  appeared  to  come  over  in  tho  middle 
portions  of  tho  foam,  Thorc  may  bo  a  delay  in  tho  rcaotion  bctv.'con 
tho  turbidity  and  tho  quatoniory* 

^urthor  tests  wore  run  on  several  naturally  turbid  vntors  and 
removals  of  turbidity  wore  found  to  V  satisfactory  for  practical 
v/ator  troatnont,  U*S*P.H6S,  standards  were  met  with  dosos  of  10  rog/l 
quaternary  aerated  for  10  minutes, 

Tho  data  of  those  tootsaro  giv;n  in  Tablo  III. 


EC#  Ronoval  of  Color* 


Several  ooiorod  v/aters  v/cro  treated  by  flotation  to  observo  its 
offioionoy  in  removing  color*  Results  of  tho  experiments  appear  in 
Table  III  in  oonjunotion  v/ith  tlio  other  data,  and  are  brought  together 
in  Tablo  IV, 
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TABLE  IT 


Removal  of  Turbidity  from  Distilled  Water 
Suspensions  of  Bottom  mud  by  Arquad  T. 


Suspension*  Dose  of 

Qu''.tor- 

nr.ry 

Aeration 

Tima 

Initial 

p!I 

Initial  Final 
Turbidi-  Tur- 
ty  bidity 

Pinoi 

pK 

A 

10  iv-/l 

10  i  iin. 

7.03 

100 

<5 

7.02 

tt 

H  , 

It 

100 

<5 

6,55 

ft 

tt 

If 

10c 

<5 

U.iz 

It 

t| 

n 

100 

<3 

0.25 

(( 

It 

u 

■';.07 

ICC 

<5 

3,59 

It 

5 

tt 

7.03 

100 

10-15 

7.06 

(I 

ti 

i: 

>27 

100 

10-15 

6,07 

M 

tt 

tt 

Q.y 

ICO 

10-15 

3,31 

If 

tt 

?0 

7.0G 

10^ 

10-15 

7.014 

B 

10 

10 

6.7') 

7c 

<5 

6. 82 

« 

It 

tt 

14.83 

7 

I4.95 

ft 

If 

It 

•3.i4e 

73 

<5 

8..  "^6 

*  Suspension 

A  w;'.s  n 

cotton  filtered. 

hr  . 

dictilled  ’V”ter 

suspension 

of  a  bottom  nud  t 

r.ken  iV 

om  Cl  brook. 

Suspension 

B  was  a 

Pil  hr,  distilled 

water  susp.nsier 

of  a 

bottom  mud 

to ’con  from  a  pond 

ir.  K  g 

ravel  pit. 

Jablo  III 

Water  troja  Brook  ia  Lexin^on,  Hassaohusette 
No  additional  ooliform  organiama  added. 
Quaternary  used  in  flotation,  Arquad  T. 


Dose  (mg/l) 

10 

10 

10 

15 

20 

Tine  of  Aeration  (min) 

5 

5 

10 

5 

5 

Temperature  (®0) 

16 

13 

15 

17 

15 

pH* 

6.00 

6.80 

6,8 

6.2 

6.7 

Alkalinity*  (m^l) 

22 

21+ 

2i+ 

16 

21+ 

Hardness*  (mg/i) 

165 

U+O 

li+0 

165 

66 

Conductivity  mho/om 

.87x10*5  ^ 

,7x10*3 

.7x10-3 

1 

0 

CO 

• 

,25xlC’''^ 

Tiirbidity  Initial 

Pinal 

5-10  units 

5  ’• 

15 

<  5 

15 

<  5 

5-10 
<  5 

20 
<  5 

Color  Initial 

10  ” 

30 

5 

30 

<  5 

120 

5 

Final 

<  5  " 

10 
<  5 

Total  Bacteria  Initial  25/ial 
Pinal  20/nl 

1800/ml 

30/ml 

1800/ml 

10/ml 

350/ml  20000/ml 

22/ml  i;0/ml 

Coliform  Initial 

Pinal 

3500/100  ml  7000/100  ml 

110/100  ml  220/100  ml 

7  000/100  ml 
8.Vl00ml 

5I+OO/I6J  ml  92000A00ml 
33/100  ml  140/100  ml 

*  No  ohaage  during  aeration. 


(continued  on  next  page) 


Table  III 


Water  from  Brook  in  Ifixesaohusette 

No  additional  ooliform  organisms  added* 
Quaternary  used  in  flotation,  Arquad  T. 


Dose 

20 

2C 

10  +  10 

10  ■¥  10 

30 

Time  of  Aeration 

5 

10 

3  min  eaoh 

3  min  eaoh 

5 

Temperature 

15 

17 

16 

17 

15 

pH* 

6,8  ■ 

6.e 

6,00 

6.20 

6.7 

Alkalinity* 

2k 

2k 

10 

16 

.  21+ 

Hardness* 

lUo 

Iko 

165 

I65 

66 

Conduotivity* 

,7x10-3 

.7x10”^ 

,87x10"5 

-• 

CD 

,25x10*^ 

Turbidity  Initial 

15 

15 

5-10 

5-10 

20 

Final 

<5 

<5 

<  5 

<5 

<5 

Color  Initial 

30 

30 

10 

5 

120 

Final 

<5 

<5 

<5 

<5 

<5 

Total  Baoteria  Initial  1800/ml 

1800/ml 

25/ml 

350/ml 

20000/ml 

Final  6/inl 

Vml 

lL|/ml 

15/ml 

8/ml 

Conform  Initial 

7000/100  ml 

7000/100  ml 

3500/100  ml  51+00/100  ml  Q2000/LOO  ^ 

♦A  « 

Pinal 

170/100  ml 

1^100  ml 

33/100  ml  i+9/100  ml 

1+60/100 

ml 

I 

No  change  during  aeratiozi* 


Tablo  III 


u'&tor  from  Brook  in  Uxington,  ifintsoohuaotta 
No  oddltional  ooliform  organisms  added. 

Qua tornary  used  in  flotation,  Coopryn. 


Doso 

10+10 

20 

20 

15 -*15 

50 

50 

Simo  of  Aeration 

5  nin 

5 

10 

5  min 

5 

10 

each 

oash 

Tonporaturo* 

17°C 

15°C 

17°C 

I7°c 

« 

I5°c 

17  °c 

pH* 

6.6 

6.7 

6,6 

6.6 

6.7 

6.6 

Alkalinity* 

21+ 

21+ 

21+ 

21+ 

21+ 

21+ 

Hardness* 

99 

66 

90 

90 

66 

90 

Conduotivltj,'* 

.3x10"5 

.25x10”5 

.3X10-5 

.3x10“ 5 

,25x10"^ 

.5x10"5 

Turbidity  Initial 

10 

20 

10 

10 

20 

10 

Pinal 

<5 

5 

<5 

<5  <5 

C  5 

Color  Initial 

50 

120 

50 

50 

120 

50 

PiTinl 

5 

1+0 

<  5 

6  5 

5 

A  5 

Total  Baotoria  Initial 

200q6;1 

20,000/xl 

2ooo/a 

cOOO/il 

20,C00/nl 

2000/nl 

Final 

160/ei1 

150/r.l 

70/ml 

6/nl 

h/r.l 

l/“‘l 

Coliforn  Initial 

2i+,0  00/ 

92,000/ 

21;,  coo/ 

2l+,000/ 

92,000/ 

21+,  coo/ 

100  nl  ICO  ml 

100  nl 

100  nl 

100  nl 

100  nl 

Final 

700/ 

6,800/ 

630/ 

70/ 

55/ 

7.8/ 

100  ml 

100  ml 

100  ml 

100  fil 

100  ml 

100  ml 

* 


No  ohango  during  aoration. 


Table 


Tin  tor  fron  Brook  In  Loxington,  Kassaohuaetta 
Colifom  organlana  added  to  raw  water# 
Quaternary  usod  in  flotation,  Arquad  T* 


Dose 

10 

20 

30 

15+15 

Tine  of  Aoratior 

5 

5 

5 

5  nin  each 

Tonporature* 

150  c 

150  c 

17°  C 

17°  c 

Pll* 

6.8 

6.8 

6,8 

6,8 

Alkalinity* 

21+ 

21+ 

21+ 

21+ 

Hardness  * 

I4O 

ll+O 

I5I+ 

I5I+ 

Conduotivity  * 

.69x10  ^ 

.69x10'’^ 

.86x10“^ 

.86x10“5 

Turbidity  initial 

10 

10 

10 

10 

Final 

5 

'<  5 

^"5 

<*  5 

Color  Initial 

30 

30 

20 

20 

Final 

V-* 

<5 

<5 

5 

Total  Bnotoria  Initial 

600,0C0/nl 

600,000/nl 

320,000/ni 

520,000/nl 

Final 

[il,000/rl 

2C,000/inl 

ll+0,000/inl 

Colifcrn  Initial 

600,000/^1 

>1.6xl0V 

100  rl 

600,00p/nl 

520,000/nl 

520,000/nl 

21+0,000/ 

100  r.l 

Final 

1.6xl0Vi0p^ 

920,000/ 

100  nl 

No  ohango  during  aeration 


Table  HI 


T.ator  taken  from  the  Charles  River,  Canbrid^o, 
Maasaohusotts 

No  oolifom  organisns  addod  to  raw  water. 
Quaternary  used  in  flotation,  Arquad  T» 


Doao 

10 

10 

10 

10 

Tioo  of  Aoration 

5 

5 

5 

10 

Tenporature* 

17 

18 

15 

18 

pK  * 

74 

8.1 

7.0 

8.1 

Alkalinity 

6h 

6k 

80 

6k 

Hardness  * 

I70 

680 

1+95 

690 

Conduotivity* 

.33x10-3 

,l4XlO“3 

.37x10"3 

.14X1C-3 

Turbidity  Initial 

5-10 

5-10 

5-10 

5-10 

Final 

<  5 

-^5 

5 

C  5 

Color  Initial 

35 

55 

35 

35 

Final 

5 

t; 

✓ 

5 

5 

Total  Bacteria  Initial 

i|000/nl 

900/ni 

67000/inl 

900/ni 

Final 

■’  70/nl 

60/ml 

^000/ni 

70/nl 

Colifora  Initial 

51400/100  nl 

3/00/100  ml 

3^000/100  ml 

5/00/100 

Final 

2i;00/lOC  nl 

350/100  inl 

iqooo/ioc  ml 

210/100 

♦  No  ohange  during  aeration. 


(Continued  on  following  pago) 
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Table  m 

Water  token  fron  the  Charles  River ,  Cambridge 
llassaohusetts 

No  ooli.foni  organisms  added  to  raw  watex* 
Q;uatornaxy  used  in  flotation,  Arquad  T« 


Dose 

Tino  of  Aeration 

Tonporaturo* 

pH* 

Alkalinity  * 

Kardnass** 

Conductivity* 

Turbidity  Initial 
Final 

Color  Initial 
Final 

Total  Bacteria  Initial 
Final 

Coliform  Initial 
Final 


5+5 

15 

5  min  oach  10 

15 

17 

7.0 

7.7 

ec 

61| 

1+95 

630 

0 37x10-5 

.5ipclo-3 

5-10 

5-10 

<5 

<5 

35 

35 

5 

s5 

67000/nl 

2000/ml 

5000/ml 

'  70/rd 

20 

20 

5 

n 

18 

17 

7.1+ 

7.9 

00 

56 

121 

260 

,61+xlO-3 

.2x10-3 

15 

25 

5 

5 

35 

35 

5 

5 

0 

0 

2q00C/nl 

120/n:l 

200/ml 

Moc/loo 

1200/100  ml 

10/100 

'100/100  ml 

3^000/l0C  51400/100  nl 
llpOC/iOO  '7CC/IOO  til 


No  ohango  during  aeration. 


(Continued  on  following  page) 


17- 

Tr.clc  III 

T^ater  takon  fron  the  Charles  River,  Cambridge, 
liassaohusetts 

No  oolii'om  organisms  addod  to  raw  water. 
Quaternary  used  in  flotation,  Arquad  T« 


Dose 

10  +  10 

10+10 

10+  10 

10+10 

Tima  of  Aeration 

5  min  each 

5  nin  each 

5  min  each 

5  min  each 

Tempo raturo* 

17  <50 

17  ®C 

I70C 

I80C 

pll 

7.1i 

7.0 

7.9 

7.4 

Alkalinity* 

Ch 

56 

56 

80 

liardnoas* 

hlO 

660 

260 

121 

Conductivity^ 

.J'jxlO"^ 

.50x1O"5 

.2x10”5 

.64x10*5 

Turbidity  Initial 

5-10 

5-10 

15 

Final 

c  5 

^  5 

5 

5 

Color  Initial 

35 

35 

35 

Final 

<5 

5 

5 

5 

Total  Saotoria  Initial 

hpOO/nl 

8C0/nl 

2000: 

li;:00/t;l 

Firuil 

8/nl 

lO/nl 

lao/ni 

'  63/ml 

Colifom  Ini'';ial 

5i;0C/l<:;0  r.l 

I50C/1CO  rl 

120C/10C  r.l 

4;00/ir: 

Final 

^35<.yil0  :;1 

350/100  -.1 

'  46/100  r.l 

'O  1  1  ' 

Cii  >/  1  .u 

•  No  change  during  ac ration. 


(Ccntir.uod  cr.  f ollc’.vir,^, 


Table  III 


Iftiter  taken  fron  the  Charlea  River,  Cambridge 
Ifaaiaohuaette 

Ho  oollform  orgonlame  added  to  raw  water* 
Quaternary  uaed  in  flotation,  Arquad  T« 


Dose 

Tino  of  Aeration 
Tonpjraturo* 

pK* 

Alkalinity* 

Ilardneaa* 

Conduotivlty* 

Turbidity  Initial 
Pinal 

Color  Initiol 
Final 

Total  Baotoria  Initial 
Final 

Colifom  Initial 
Final 


10  4  10 

15  4  15 

10  rin  eaoh 

5  oin  eooh 

ifc 

17°C 

7.8 

7.7 

56 

6I4 

660 

620 

•50x10*3 

•514x10-3 

5-10 

5-10 

<5  . 

<5 

35 

35 

5 

<5 

eoo/nl 

2p00/nl 

15/nl 

il/nl 

3.500/100  ml 

51*00/100  Bi 

130/1 0*0  nl 

^CO/100  nl 

154  15 

15  4  15 

5  min  eaoh 

5  Hn  eaoh 

17°C 

18°C 

7.9 

7.I4 

56 

80 

260 

121 

.2x10-3 

.61*x10-3 

25 

15 

c  5 

5 

35 

35 

<'5 

5 

2q,ooo/pa 

14000/nl 

6/rp.l 

^  85/nl 

1,200/100  nl 

1*300/100  ra 

25/100  al 

"  15/lOC  ml 

a  No  ohonge  during  aeration* 

(Continued  on  following  page) 


Toole  JII 


Water  taken  from  the  Charles  RiVor,  Cambridge, 
Ijaeeachueette 

No  oollfonn  organisms  added  to  ran  water* 
Quaternary  used  in  flotation^  Arquad  T* 


Dose 

30 

30 

Time  of  Aeration 

5 

5 

Tonperoture* 

16°C 

17^i 

PH* 

7,i4 

7.9 

Alkalinity* 

80 

56 

Hardness* 

121 

260 

Conduotivity* 

*6l+xl0"^ 

*2x10’“5 

Turbidity  Initial 

15 

25 

Final 

<5 

<  5 

Color  Initial 

35 

35 

Final 

<5 

<  5 

Total  Bacteria  Initial 

liiOOO/ml 

2QOOO/nl 

Final 

^  lO/ml 

7/nl 

Coliform  Initial 

li^OO/lCO  nl 

1200/100 

Final 

70/100  ml 

'  13/100 

*  No  ohange  during  aeration* 


Table  JII 


T/ater  tak^n  fron  Hobbi  Brook  Roservoir,  Lincoln,  }^isQohuietta 
T'ith  and  without  added  ooliforn  organic:^. 

Both  Ceepryn  and  Arquad  T.  used  in  flotation 


Quaternary 

Ceepryn 

Ceepryn 

Ceepryn 

Ceepryn 

Arquad  T 

Arquad  I 

Dose 

10 

10 

20 

20 

20 

10+10 

Timo  of  Aoration 

5 

10 

5 

5 

5 

5  min  each 

♦  o 

ToTnperaturo  '^C 

iU°c 

li^oc 

15°  c 

17°c 

17°  C 

17°C 

t 

pH 

7.00 

7.00 

7.00 

7.00'  7.00 

7i00 

Alkalinity** 

16 

16 

16 

16 

16 

16 

Hardness 

hh 

Uh 

hU 

hh 

Conductivity* 

.12x10"^ 

.12x10“^ 

,^2x10”^ 

,  i2xicr^ 

.12x10’^ 

.12x10“^ 

Turbidity  Initial 

5 

5 

5 

5 

5 

5 

Final 

<5 

s  5 

c  5 

^  5 

<  5 

-5 

Color  Initial 

50 

50 

50 

50 

50 

50 

Final 

15 

15 

c; 

C  5 

>  5 

•  5 

Coliforn  added 

0 

0 

0 

67xio^loc  67xio'/ioc  67xiovloo 

Total  3aotcria  Initial 

ihO/ml 

liiC/nl 

mo/nl 

67x10^/100  67xloV^  67xloVlOO 

Final 

i5Aa 

5/nl 

i^ml 

Coliforn  Initial 

35/100 

33/100 

33/100 

67x10^A00  67x1jC^Acc  6  7x10  y  100 

Final 

<  1,6/100  ll/lOO 

yioo 

75/100 

350/100 

790/100 

♦  No  ohango  d'oring  aeration 
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Table  IV 

Raaoval  of  Color  from  Water  bv  Flotation 


DoF^e  of 


Quater¬ 

Quater-  Aeration 

Initial 

Pinal 

Initial 

Pinal 

Sample^ 

nary 

naxy 

time 

pH 

pH 

Color 

Color 

A 

Ceopryn 

5 

5  min 

7.00 

7.02 

55 

30 

A 

Ceepryn 

10 

5 

7.00 

7.01 

55 

15 

A 

Ceopryn 

10 

10 

7.00 

6.90 

55 

5 

A 

Arquad  T 

5 

5 

7.00 

7.10 

55 

;55 

A 

Arquad  I 

10 

5 

7.00 

7.05 

55 

20 

A 

Arquad  T 

10  - 

10 

7.00 

7.05 

55 

<  5 

A 

^/amlne 

10 

5 

7.00 

6.95 

55 

1+0 

A 

%anine 

10 

10 

7.00 

6.95 

55 

25 

B 

Ceepryn 

5 

5 

6.60 

6.90 

50 

10 

B 

Ceepryn 

10 

5 

6.1-  ^ 

6.95 

50 

<  5 

B 

Arquad  T 

5 

'5 

6.80 

7.00 

50 

15 

B 

Arquad  T 

10 

5 

6.80 

7.00 

50 

<  5 

C 

Ceepryn 

b 

5 

5.55 

6.10 

ho 

25 

C 

Ceopryn 

10 

5 

5.55 

6. 10 

ho 

C 

Ceepryn 

10 

10 

5*55 

6.15 

ho 

<  5 

C 

Arquad  T 

10 

5 

5.55 

6.20 

ho 

20 

0 

Arquad  T 

10 

10 

5*55 

6.15 

ho 

<  5 

Sample  A 

Qiarles  Rivor, 

Cambridge,  iMassaohusetts 

B 

Conoord  River, 

Concord, 

iiassaohusetts 

C 

From  swamp  in 

Lexington 

,  Uassaohusetts 

■22. 


Rcnovals  o.f  color  r/oro  found  to  bo  satisfaotory  na  in  t'lo  onao  of 
turbidity  and  U,S. P.H, S.  atandarda  were  mot  with  a  oorrospon ling  doao 
except  in  ono  oaao  where  a  vory  high  fresh  color,  following  a  sovoro 
rain  atom,  roquirod  largo  rxiounta  of  quaternary  for  satisfactory  ro- 
noval. 

im  initial  color  of  50"60  unite  was  reduced  to  loss  than  5  unite 
with  a  doao  of  10  ng/l  of  quaternary  ao.-atod  for  10  ninutoa*  Again, 
as  in  tho  oaac  of  turbidity,  pH  value  haa  littlo  or  no  offoot  on  re¬ 
nova  1* 

Z«  Tasto  Studioa. 


Tap  water  aolutiona  of  t}\c  various  quaternarioa  woro  nado  up 
and  toatod  for  tasto  by  a  nunber  of  observers*  It  is  o\*idcnt  that 
thoro  need  bo  no  diroot  tasto  problem  from  tho  amounts  of  quaternary 
remaining  after  aeration  provided  that  aeration  continues  long  enough 
to  removo  the  bulk  of  tho  quaternary  added*  In  no  caso  could  ob- 
sorvors  detoot  any  tasto  in  veator  Containing  u**  loss  ul* 

quaternary*  Ono  out  of  ton  obsorvors  could  dotoot  a  notiooablo  tasto 
at  10ngi4v/hilo  all  observers  could  dotoot  a  distinct  bittor  after¬ 
taste  at  15  dg/I* 

XJ*  Ronovals  of  Organisms  from  I'fctural  Yfators* 

Reprosontativo  natural  waters  woro  oollcotod  from  a  polluted 
rivor  (Charles  Rivor  at  Cambridge),  a  oloan,  soft  colored  brook 
(Lexington,  ikxssachusotts),  and  a  \vatcr  supply  collection  reservoir 
(Hobbs  Brook  Rosorvoir,  souroo  of  Cambridge,  Ihssaohusotts  rav/  v/ator)* 
Removals  of  the  natural  contont  of  bacteria  and  oolifciT.;  organisms, 
and  of  addod  ooliforM  were  studied*  Ronovals  of  ooliforms  and  37 °C 
bacteria  from  thoso  natural  waters  woro  vor^  disappointing  v/hen 
oonparod  to  the  previous  distilled  water  oxperinonts*  In  no  caso  woro 
oolifom  numbers  brought  dovm  to  tho  U. S.P*H. S»  standard  of  loss  than 
1,0  per  100  ml  oxcopt  ia  tho  Hobbs  Brook  Reservoir  v/ator,  tho  initial 
ooliforn  oount  of  v/hioh  was  only  33  PUJ"  100  ml*  Dosos  as  high  as 
50  m^l  of  quaternary  failed  to  reduoo  oomparativoly  small  nuv.hors  of 
ooliforms  oven  to  tho  50  per  100  ml  apooified  by  tho  U*S*P*H*S.  for 
wator  to  bo  troatod  by  chlorination  only, 

Vifhcn  oolif.-rus  woro  added  to  these  nntui-al  v-mtors  to  bring  tho 
initial  counts  up  to  those  us-  in  tho  distilled  v/ator  susponsiona, 
results  woro  vory  unsatisfactory',  Tho  data  of  thoso  oxporimnnts  appear 
in  Table  III. 

In  tho  oourao  of  tho  v»ork  on  natural  v/ators,  it  v/as  found  nooossary 
to  adopt  tho  niliiporo  filter  method  oxolusivoly,  for  tho  enumeration 
of  ooliforms,  livConkey's  agar  failed  booauso  of  intorferonco  by  tho 
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qufttormry,  and  laotjoso  tube  liPN  ncthods  boooiK  exaossivoly  laborious 
^oauso  of  tho  wide  range  of  residual  nunbors  possible.  Tho  rosidual 
quaternary  vms  noutralizod  T;ith  5OO  ng/l  of  sodiua  lauryl  sulfato 
prior  to  filtration  through  tho  railliporo  filter.  Tho  ri.lliporo  filter 
■ma  not  ado^Ttod  until  tho  results  had  been  ohookod  against  laotoso 
broth  tube  results  and  found  to  give  roasonablo  ooiifomanoo, 

XII.  Studios  on  Effoot  of  Wator  Conposition. 

It  vas  ovldont  fron  tho  results  on  natural  vnters  that  other  faoeors 
besides  low  tonperaturo  havo  an  ndverso  offoot  cn  tho  process.  The  pro- 
sonoo  of  oaloiiua  and  nagnosiun  salts  (hardnoss)  yttxa  indioatod  as  ono  cf 
the  intorforing  factors. 

As  a  quick  oonfin-.iation  of  this  indication,  tost  a  vrarc  run  on  t\70 
tap  waters t  Canbridgo,  IshsoaoViusctts,  having  a  pK  of  0«3»^.6,  hardnoss 
9O-II5  and  Boston  Metropolitan,  pH  7.1>  hardnoss  19-22  ng/l.  In 
general,  tho  oolifoms  roi.iaining  in  tho  soft  Metropolitan  v;atcr  vvoro 
fron  100  to  1000-fold  fov/or  than  those  ronaining  in  the  Canbridgo  v/atcr 
after  iraculation  with  tho  sano  nuaber  of  coliforns,  and  troatiacnt  vrith 
tho  sane  aaount  of  quaternary  at  tho  soiio  tonporaturc.  However,  at 
tonporaturos  of  25-26°C  the  rcjiaining  organisns  in  both  waters  wore 
too  fow  to  naintoin  this  rolationahip,  Tho  data  of  thoso  tests  arc 
given  in  Table  V, 

As  a  further  ohook  on  this  oouoluaion,  studies  v;oro  nadc  on  distilled 
wator  to  which  various  caloiun  and  mgnosiun  salts  v;oro  addod,  and  also 
on  diatillod  water  containing  sodiun  bioarbonr.to,  Sodiua  bioarbonato 
in  niaounts  up  to  50 '  ng/l  as  CaCO^  had  no  significant  effect  on  tho  ro- 
ncval  of  oolifoms  fron  voitor  susponsions.  Cnloiun  and  nagnesiun  salts, 
on  tho  cthor  hand,  wore  shenvn  to  havo  very  adverso  effects  on  ooliforn 
jcnovals,  as  oonparod  to  thoso  obtained  ir  distilled  v,ato.'  susponsions. 

For  equivalent  oenoentratione  in  terns  cf  calcium  oe.rbonato,  the  adverse 
offoot ti  v/ore  of  tho  sano  order  of  mgnitude  whether  tho  added  salt 
v/as  Ca(HC0j)2,  CaCl2,  or  ligCO^,  Apparently  only  tho  positive  ion  is 

significant,  and  Mg"^  is  oquivalcnb  in  effect  to  Ca"^,  Subsequent 
tests  ohcTWod  that  polyvnlont  anions,  suoh  as  SO^”  and  addod  in 

fom  of  sodiun  salts,  had  no  of  foots  on  ronovnls,  either  adverse  or 
favorable#  Additions  of  36O  to  ^00  ng/l  of  caloiun  salts  as  CaCO, 
result od  in  flml  treated  waters  containing  50,000  to  7,000,000 
coliforns  por  100  nl,  as  ocn]x\rod  ^vith  0  to  3000  in  distilled  water. 

Tho  initial  ooliforn  contort  in  taese  tests  v/as  50  nillion  per  100  nl, 
and  the  tonporaturos  wore  9°0  and  25®C.  The  higher  ooliforn  residuals 
woro  obtained  at  tho  lower  toiApcraturos. 


Table  V 


Tap  waters  taken  trutu  the  inunioipal  water 
supplies  of  Caaxbridf;^,  llassaohusetts  and 
Boston,  Massaohusetts  with  added  oolifona 
or^isns.  Boston  tap  water  with  a  pH 
of  7,1  and  hardness  of  I9-22  ng/i,  Cambridge 
tap  mter  with  a  pH  of  8,3.6.6  ^  hardness 
of  90-115  mg/l.  ^ 


Quaternary 

Dose 

Time  of 
Aeration 

Temperature 

Organisms 

dombridge 

Remairing  per/lOOal 
Boston 

Ceapryn 

20  mg/l 

5  inia 

Ih 

15x10^ 

It 

Arquad  T 

II 

II 

fl 

tf 

15 

1x10^ 

ho 

lxio3 

r» 

II 

It 

16.5 

... — . 

180 

ft 

II 

10 

5.7x:.o3 

Ceepryn 

II 

It 

21 

18 

II 

II 

II 

25 

22 

It 

II 

II 

26 

mtm 

4 

Arquad  T 

11 

n 

21 

45 

ft 

H 

II 

25 

1,720 

210 

If 

n 

It 

25 

50 

0 

* 

Initial  oonoentration  of  oolifona  orgonisias  50  x  lO^/loo  ml 
to  70  X  lOVlOO  ml,  ^  ou 
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A  aorios  of  toats  waa  run  to  dotcmino  qucmtitativoly  tho  offocta 
of  tonporaturo  and  Cc\Clp«  Varying  anounta  of  CaClg  v/orc  added  to 
diatillod  v/ntor  and  toata  v/orc  run  at  two  toinpcraturo  rangoa  19-26°C 
and  9®C,  Tho  roaulta  of  thoao  tosta  aro  roportod  in  Tablo  III,  p.  10 
of  Annual  Report  dated  1  April  195^  They  aro  prosontod  grai^iioally 
in  ^'iguroa  III  and  IV,  Tho  "(data  arc  roportod  and  plotted  by  nciana  of 
tho  nodian  valuo  and  rango  of  the  airiilar  toats  run#  In  oonjurotion 
v/ith  all  oxperinonta,  n  control  v/aa  run,  v/hich  roooivod  tho  sano  doso 
of  quaternary,  but  no  aeration*  Thoao  data  aro  reportod  in  Tablo  IV 
of  tho  aono  report*  and  plotted  in  tonia  of  the  nodian  value  of  ainilar 
oxporinenta  on  Figures  III  and  IV  as  a  dotted  lino* 

Thoao  cxpci’inoncs  show  that  both  toupcro.turo  and  CaCl^  content 
havo  very  largo  advorao  offocta#  At  19-26°C  thcro  is  a  10-fold  dooroaso 
in  ronoval  when  there  is  an  incroaso  of  lOCng/l  of  CaCl  ,  At  9^C 
thoro  ia  a  100-fold  dooroaso  in  ronoval  per  lOOng/l  incroaso  of  CaCl^# 

Tho  ainilarity  of  tho  aoratod  and  contact  nodian  lines  at 
(Figaro  IV)  and  tho  di a ainilarity  of  the  acratod  and  contact  nodian 
linos  at  19-26°C  (Figuro  III)  also  suggest  that  tho  greatest  offcofc 
of  lowered  tonporaturo  is  to  interfere  v/ith  tho  physical  ronoval  of 
tho  bacteria  by  flotation#  This  ia  nuch  norc  affected  oy  tonporaturo 
than  is  tho  rate  of  killing  by  tho  quaternary* 

In  the  light  of  tho  above  oxporinents,  testa  v/oro  run  to  dotornino 
tho  anounta  of  quaternary  required  to  reduce  the  ccliforn  nunbors  in 
CaClp  solutions  to  levels  suitablo  for  potable  v/ator#  Those  data  aro 
reported  in  Tablo  V,  p#  15  of  tho  reported  oitod  above#  Figaros  V 
and  VI  show  the  dvata*- 

Tho  work  v/ith  distilled  water  shewed  that  10  ng/l  of  Arquad  T  at 
20-22OC  and  20  n&^l  at  was  suffioiont  to  reduce  E,  Coli  in 

distilled  v/ator  suspensions  to  1#8  organisns  or  loss  por  100  nl# 
Extrapolation  in  Figures  V  and  VI  would  indicate  that  undor  tho  sano 
oxporinontal  conditions  JOG  ng/l  of  CaCl  raises  tho  quaternary  ro- 
quirenont  to  UO  ng/l  at  2ii.0C  and  70  ng/l  at  9*^04  and  5^0  ng/l  of  CaCl^ 
raises  tho  quaternary  roquirenent  to  60  n^l  at  2i|.°C  and  IPO  ng/l 
at  9°C# 

Since  the  natural  -.vr.tcra  tested  were  r  ore  difficult  to  treat 
than  v/ouid  bo  prodiotod  by  hardness  alone,  (soc  Figures  III  and  IV) 
a  aorioa  of  tests  v/as  nado  to  dctcrninc  the  affect  of  eurbidity  in 
tho  presenoo  of  Ca"*^#  Using  botton  nud  suspensions  propc-rod  in  tho 
sar.K)  v/ay  as  tho  sauplos  used  to  study  .  .rbidity  ronoval  (Soctiua  VIll) 
sanplos  v/ore  rivdo  up  containing  various  concentrations  of  turbial 
in  both  pure  diatillod  v/ator  and  distilled  water  containing  9^0  ng/l 
CaCl_#  The  results,  given  in  Table  VI  of  tho  /Annual  Report  date  i 
1  April  1954  end  shov/n  in  part  cn  Figuro  VII  ij^cato  that  v.hilo”^ 
turbidity  nas  no  effoot  on  tho  offioionoy  of  rcnoval  in  sanploa 
containing  no  CaCl*,  tho  oonbisv.tion  of  CaCl^  and  turbidity  has  a 
groator  advorao  of  root  on  tho  efficiency  of  rciioval  than  CaCl2  alone# 
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Tho  oloctrophorctio  studioa  doaorlbod  in  c.  Intor  socticn  of  this  report 
indioato  that  oolor  would  also  show  an  addiJivo  advorso  of foot,  liko 
thftt  shovm  ty  turhidity, 

In  tho  light  of  tho  advorso  offoot  on  ronovals  produced  by  tho 
divalent  positive  ions  and  an  investigation  v^as  nado  of  tho 

offoot  of  a  trivalont  ion,  Al’*’^,  which  nay  occur  in  natural  waters* 

Tho  advorso  offoot  of  this  ion  vais  found  to  bo  very  largo*  It  was 
found  that  0,1  n^l  of  A1  * '  ’  (as  CaCO,)  had  about  tho  scxio  adverse  , 
effoot  as  500  ng7l  of  Ca++  (as  CaCO,)?  No  noro  than  of  tho  50  * 
oollfoms  initially  orosont  in  100  of  a  solution  containing  as 
littlo  08  0*5  ng/l  of  Al*^  (ao  CaCCj)  could  bo  renovod,  even  vdth  as 
nuoh  os  50  ng/l  of  Arquad  T* 

Tho  data  of  tho  Al*^  experinonts  appear  in  Table  VI,  which  shov;s 
tho  nodion  values  and  ranges  of  results  at  various  Al"^  oonoentrations, 
Kc cults  of  oonoentrations  fron  0  to  1  n  are  shov/n  in  Figure  VIII* 

Th.  'bsorvod  difforonoos  at  oonoentrations  abovo  this  aro  not  too 
signifioa..  but  tho  advorso  offoot  unoxpcotadly  baoonos  sonewiiat 
sicaller  at  very  largo  oonoentrations  of  Al*»^, 

Tho  prosunption  is  that  other  trivalont  posi— .vo  ions,  -  for  oxanplo 
Fo"*^  -  -Sht  huvo  sitdlar  offccts. 

It  should  bo  noted  that  in  tho  experinents  on  Al”*^  the  aeration 
rato  ms  reduced  to  0*72  liters  per  liter  pen  ninuto^  and  tho  tine 
inoroasod  to  10  tiinutes,  to  tiy  to  secure  tho  benefits  of  increased 
offloionoy  noted  in  tho  noxt  sootion^ 
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Tablo  VI 

Tho  EffoOt  of  on  tho  Ronovnl  of  E.  Coll  fron  Distillod 

Viator  Susponsiona  by  Flotation 

Initial  oonoontratlon  of  oolifom  organisns  5^  x  10^1^0  nl, 
Toriporaturo  C'C'C  50  ng/l  Arquad  T. 

Aoratioa  Hato  *72.  l/3/ain  for  10  riinutoe 


m  - '1  ■i-'i  Organiano  por  100  rl  loft  after  aorr.tion 

CaCOj  oqQivalont  Hodian  Hango 


500 

2li5,000 

240,000  »  250,000 

?>00 

1^500,000 

510,000  -  1,600,000 

150 

1^250,000 

940,000  -  1,750,000 

100 

1,300,000 

1,020,000  -  1,500,000 

50 

0,000,000 

•  ’=0,000  -  6,000,000 

i;0 

6,000,000 

6,000,000  -  9,000,000 

30 

7,000,000 

5,000,000  -10,000,000 

20 

6,500,000 

6,000,000  -10,000,000 

10 

400,000 

400, oco 

5 

9,700,000 

9,700,000 

h 

10,000,000 

4,000,000  -10,000,000 

3 

11,000,000 

10,000,000  -11,000,000 

2 

6,500,000 

6,500,000 

1 

[,,000,000 

2,500,00c  -  9,000,000 

0.5 

7,500,000 

2,000,000  -12,250,000 

0.it 

7,000,000 

1,700,000  -  9,250,000 

^'.5 

4,500,000 

150,000  -  9,000,000 

0*2 

10,000 

-10,000 

0,1 

10,000 

10  -10,000 

•  "0 

60 

40  -  60 

,06 

16 

2-40 

•  O4 

0 

0-3 

.02 

50 

16  -  I4O 

•  Ca 

21  -  46 

0 

0 

0-6 

Kunber  of  Coliforfe  org/lOO  al  Renialning 
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XIII.  Air  Ratos  ar/l  Air  Qwantitloo. 


Follcnving  tho  praotioo  of  *■  ppor,  ct  ^  (JAVAiA  Ijkt  719.(1952/^  an 
aeration  rate  of  one  liter  of  air  per  iTEcr  of  suspension  per  ninuto 
v/as  used  for  most  oxporir.ionts.  Tho  period  of  aeration  at  this  rato 
vms  5  0**  10  r.iinutos.  This  rato  v*as  satisfactory  as  to  foauing  charao- 
toristios  and  poroont  of  water  lost  in  tho  foan  as  long  as  quaternary 
dosages  roi^ainod  in  tiio  5  to  10  ng/l  range.  About  1%  of  tho  ^vatcr  in 
tho  suspoaeioa  wont  over  in  tho  foan,  for  each  ng/l  of  quatenmry 
addod,  at  tho  ono  litor/litor/iainu^^o  rato. 

Vflion  tho  adverse  faotors  of  mtural  waters  required  advances  in 
quatornary  dosago  to  30,  LiO,  or  50  ng/l,  v«ibor  losses  booano  very 
largo.  It  was  found  that  reduction  in  aeration  ratos  to  0.72  or  0.5i+ 
liter  por  liter  por  ninuto,  and  oxtorisions  of  aeration  tinos  to  I5 
or  20  ’.linutos  produced  very  srnll  water  lossoa,  and  nuch  .tor 
effioionoos  of  baotorial  rcnoval  .in  distilled  water  susponsions  contain¬ 
ing  largo  onounts  of  Ca'ti-^  This  data  appoarod  on  p.  20  of  tho  Ai'nual 
Roport  dated  1  April  193k* 

Howovor,  this  hopeful  lead  v/as  negated  by  subsequent  obsor'/ations « 

(1)  No  such  groat  inprovonents  in  efficiency  wore  observed  in  tho 
oxporirvonta  on  v.ators  containing  Al*^, 

(2)  In  nany  natural  v/aters,  tho  low  aeration  rates  failed  to 
produce  ary  foan  at  all,  and  therefore  no  rcnoval  of  organisns,  unless 
the  quatornary  dose  ■'..ns  at  least  ^0  ng/l* 

(3)  ^ch  greater  quantities  of  air  were  required  at  tho  lov/  rates, 
to  roduoo  the  residual  quaternary  in  tho  treated  v/atcr  to  desirable 
levels,  as  oonparod  v/ith  tho  quantities  required  at  one  liter  of  air 
per  liter  per  ninuto.  If  tho  voluno  cf  air  required  at  ono  liter 

por  liter  por  ninuto  v/as  x,  that  required  at  0,72  liter  per  liter 
per  ninuto  v/as  approxiratoly  2x,  and  at  0,514.  liter,  ^x,  Tho  residual 
quaternary  v/as  ostinatod  by  observing  tho  foaning  oharaotori sties, 

XIV,  S’fcudtos  on  Slcotrophoro-cio  rAgrrtion  of  Baot  ria, 

Inv  jtigaticn  of  the  nigration  of  colif orn  org  .nisns  in  an  electric 
field,  both  before  arid  after  trcatnor.t  v.-ith  quaternary,  vras  undortahon 
in  tho  hope  that  suoh  studios  v/ould  give  serve  indication  of  the  nature 
of  the  intorforonoos  ty  polyvalent  c.ations,  oc-.v.r,  and  other  oenpenonts 
cf  natural  v/ators.  The  equiprvent  used  was  a  Northrup-Kunitt  olcotro- 
phorosis  apparatus;  the  indi-vldual  celiforr;  orga.ni3:'.s  -./ere  observed 
W  'w;  an  ordinary  r'.loro30opo  using  ‘cho  I4  m  objective,  A  battery  and 
potontionct-  r  provided  r;  oenstar.t  potential  gradient  01  ''  035  volts 
por  nillirvotor.  The  obser-vr.tions,  t.a’ccn  at  the  proper  depth  Vv  . 
duoo  oloctro-osaotio  flow  to  r.  ..linivara,  oonsistod  of  aoasuring  tho 
tine  for  t-.c  organisas  to  neve  0,5  r-JLliirvotors  along  an  ocular  aicro- 
actor,  Tao  reciprocal  of  this  tir.o  is  oho  velocity  cf  the  organisa, 
which  is  proportional  to  its  iota  potential,  if  other  ooriditions  arc 
caintainod  a^iproxirvatoly  tho  saxv>« 
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Thoso  obsorvr.tions  rvro  prcsontod  g^phioally  in  Figures  DC,  X, 

XI,  XII,  and  XIII,  In  cUstillod  v/ator,  prior  to  the  addition  of 
quatornc.rj'’,  E,  Coli  showod  a  relatively  high  negative  charge,  vas 
observed  by  other  workers,  Ptogrossivoly  increasing  doses  of  quaternary 
reduced  tdiis  nogativo  charge;  the  charge  booar.io  zero,  and  subsequently 
positive,  as  the  doses  v/oro  further  increased.  Since  noasuronents 
of  this  lypo  arc  only  approxinato,  because  of  intorforonco  ly  olootro- 
osi-iotic  currents,  snooth  curves  of  velocity  against  quaternary  dose 
are  not  obtained,  but  the  results  are  sufficiently  precise  to  es¬ 
tablish  trends* 


E,  Coli  in  distilled  water  requires  but  little  quaternary  to 
altor  its  charge;  the  ohargo  booonos  zoro  v;hon  about  5  ng/l  of 
quaternary  is  added,  and  rises  to  a  high  positive  value  a.t  quatcrnaiy 
doses  of  0  to  10  ng/1,  (Tho  tom  "high”  is  usod  only  rolativo  to  tho 
initial  nogativo  ohargo, )  Evidently  fairly  largo  anomits  of 
quaternary  are  picked  up  rapidly,  possibly  oy  sono  typo  of  adsorption 
or  ion  exchange  noohanlsu* 


In  general,  tho  effect  of  the  oor.ipcncnts  previously  found  to 
interfere  with  rouoval  of  organisr^  by  flotation  is  to  greatly  in¬ 
crease  tho  dosage  required  to  produce  a  given  change  in  charge, 
arid  to  greatly  dooroaso  tho  positive  values  of  charge  attained  at 
tho  high  dosages.  This  is  r.ndo  very  evident  ty  oonparing  tho  distilled 
water  curves  and  tho  other  curves  in  Figures  K,  X,  XI,  XII,  and  XIII, 

In  tho  prcaonoo  of  ICO  ng/l  or  ncro  of  Ca"^,  «  as  appears  in 

Figure  DC  -  about  i;  to  6  rig'll  of  quaternary  is  required  to  bring  tho 
bacterial  charge  to  zoro,  and  50  ‘•‘S''"*  increaso  it  to  the  positive 
value  roaohod  in  tho  distilled  wator  suspensions  at  10  ng/l  of 
quaternary.  Figure  X  shows  that  very  srr.ll  quantities  of  Al+t+  ^-^vo 
largo  off  cots.  In  tho  prosoncv,  of  0,C6  r.g/l  of  Al"^  (as  CaCO^), 

6  Tig/l  of  quatcr;r,ry  are  needed  to  give  zero  bacterial 
18  n^l  of  quatorriary  gives  rho  nositiix  chr.^'gc  as  G  in 

dis^iHoc*  XHis  00i"vfir#-i5  tlio  w  0. 1  r.g/l 

of  A1+++  har  as  groat  an  adverso  of foot  as  500  rg/l  of  Ca"^  on  rcroval 
of  ooliforn  orgrnisns  by  flotation*  (Sooticn  XIl) 


;sj  proeurnbly 


Color,  either  rr.tural  nr  added,  has  si; liar  cffcci 
other  organic  coriponcnts  v.ould  do  ti-iO  sorv),  gv 

happens  v/hon  a  slexlant  of  natural  color,  -  senle  t;a  -  is  ..A'el  "co 
distilled  water,  and  to  a  filtered  tap  \;;-.tor  (Ca. '.bridge ,  Idassachusottc }. 
In  either  oaso,  the  quatonnr.ry  rcquircront  for  cquiar.lvsnt  change  of 
oaotorioal  charge  v/as  greatly  incrcasod,  and  the  ulti;'o.to  positive 
charge  attained  greatty  decreased,  .*n  added  color  ccpeiarlont  to 
200  muts  of  ni.tural  color  doubles  quatornniy  requi;'cr..;;ts  in  tho  tap 
water,  and  increases  then  by  seven  fold  in  the  distilled  -.vator. 
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In  mfcural  witors^  tho  effects  of  the  intorforing  conpononta  arc 
noro  or  looa  add! live,  as  shovm  in  Figure  XII,  Tho  Lexington  Broolc, 
r.  soft  water  of  nodcrato  oolor,  oonoa  closest  to  diatillocl,  Charles 
River,  with  about  tho  sai-io  color  content,  but  a  r.Tuoh  hi^or  hardness, 
nnci  a  oonsidorablo  dogroc  of  pollution  has  a  far  groator  quaternary 
roquirenont,  as  doos  also  tho  Hobbs  Brook  Reservoir  v/atcr  (Canbridgo 
rav/  water}  which  Is  soft  but  highly  colored.  It  is  interesting  to 
ooapr.ro  this  vdl;h  tho  final  Cantoidgo  tap  vmtor,  v/hioh  is  inoroasod 
in  hardness,  but  substantially  freed  of  color,  Tho  troatnent  loivors 
quaternary  roquiror.nnts  to  got  to  zoro  baotorial  ohargo  fron  $0  ng/l 
to  22  ng/l, 

Iho  position  of  Boston  Hotropolitan  tap  v/atcr  is  scnca'hat 
anonaious;  it  is  an  unfiltonDd  v/ator  lov/  in  hardness  and  color,  but 
its  quaternary  roquirornnts  arc  greater  tlian  v/ould  bo  oxpootod,  T2/-pical 
onalysoa  of  those  v/atcra  arc  given  in  Table  III,  Figuro  XIII  shev/a 
a  ooapariaon  bctivocn  this  v/atcr  a/^d  a  synthotio  v/ator  mdo  up  to 
contain  all  tho  idontified  nincial  oonstitucnti,  tiio  tap  v-ntor,  ^ho 
synthotio  v/ator  haa  naoh  nuoh  lov/or  quatciunry  rocuircraonts  tha,n  tho 
natural  tap  wator,  and,  ir.  fact,  olosoly  approaches  distilled  vntcr. 

It  is  ovidont  thc.t  srnll  quantitioc  of  unidentifiod  conponents,  such 
aa  orgrAnio  mttor.,  silica  or  polyvalont  positive  ions  rust  c.ocount 
for  tho  difforonco^i  This' is  on  oxruaido  of  the  oxtroaio  sonsitir^ncas 
to  suall  quoatitioa  of  oortain  ooripononts, 

Conoluslons  fron  Elootrophorotio  Studios, 


Tho  rosults  of  tho  olootrophorctio  studios  arc  in  lino  v/ith  thoso 
obtained  in  tho  studies  of  tho  irAflucnco  of  vvator  oorposition  on 
ron>3val  cf  orsr^nisi.'ia  by  flotcition.  They  ir.dioato  that  scvoral  oo' -‘conen'is 
found  in  natural  v/ators,  -  3o:x  idontified,  soro  net  -  interfere  grsatly 
with  tho  sorption  of  quatorr*ojry  ora -.oniur'.  ocr.pcunds  by  br.otcria.  If 
tho  quaternary  ia  not  sorbed  by  tho  bactoriun,  prosurvably  it  can 
neither  kill  tho  organisr*  nor  aid  :in  its  attaclunont  to  tho  fiL.;  of  an 
air  bi’.hblo  for  ivoohcvnioal  roi-.ovril  in  the  froth, 

Thoso  oxpcrir.cnta  :‘:o  nou  oiuoidato  the  /vcoiir.nion  of  the  intcrfcronoo| 
it  noj  either  bo  a  uod  uien  of  the  surface  cf  the  br.''teriur4  sc  that 
lose  quatorrAory  is  adsorbed  for  c  given  ccnccr.trati  /A  in  the  v'ator, 
or  it  nay  bo  a  :nodifioAation  or  adsorption  of  t'-ic  quaternary  itself  br 
tho  intorforing  agont,  so  that  less  of  tho  added  quaternary  is  o.vailablc 
for  tho  baotcriun.  Either  raoohax.isr;  uili  explain  the  observation  t,  . 
tho  ohargo  on  ti.o  orgr.nisn  oa;i  still  bo  changed  by  inoreasirA;;  the  ox'AOU.nts 
of  quaternary.  In  any  case,  t.he  prcooss  ia  i;>dior4tcd  as  bcA.ng  very 
eonaitive  to  natural  wo*tor  oor  pcsitXor., 
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XIV.  Gonoral  Conolualon. 

Tho  origiaal  propoial  oavieionorl  tho  purifiocvtion  of  v/ator  ty  ro- 
noviaR  oolorj  turbidity,  and  nioro-organiaua  in  tho  filn  of  bubbles 
fomod  tjy  a.(  ling  quatomary  auioniun  ooupouads  to  tho  v«itor  and  aerating, 
taking  off  tno  froth  of  bv'bbloa  aa  forood.  Thia  prooodvaro  appoorod 
to  offer  aovoral  odvantagoa,  anong  thon  tho  oliriination  of  ounboraono 
filtora,  tho  apooding  up  of  tho  purifioation  proooduro,  and  a  roduotlon 
in  tho  actual  bulk  o''  ohonioala  uacl  in  purification*  In  view  of  thoao 
poasiblo  advnntagoa,  it  was  given  oonaidoration  aa  a  possible  fiold 
purifioation  oothod  for  tho  amod  for  cos* 

Tho  rosulta  of  thia  study  have  shown  that  thia  nothod  is  indeed 
oapablo  of  a  hi^  dogroc  of  ronoval  of  nioro-organians  ranging  fron 
anoobio  oysts,  through  baotoria  tc  vijrusca  ar^  also  a  high  degree  of 
ronoval  of  such  aosthotically  objootionablo  features  as  color  and 
turbidity.  Thia  ronoval  ia  conditional  on  tho  addition  of  sufficient 
quaternary  arc.ioniun  oonpound,  and  aeration  at  a  slow  cncugji  rate,  for 
a  long  oncugh  tine,  to  onauro  renoval,  while  at  the  boiao  tlno  Icooping 
loss  of  vnxtor  in  tho  foan  at  a 


Tho  najor  difficulty  vdth  the  process  is  inplied  in  uhc  preceding 
sontonoo*  Low  tonporaturos,  and  a  nunbor  of  oonpononta  present  in  nriturai 
v/atora,  -  of  v/hioh  tho  irdnoss  ions,  sono  polyvalent  ions,  such  a.a  Al**^ 
color,  end  turbidity  have  boon  idontifiod,  -  all  inoroaao  the  a:Aount 
of  quaternary  required  to  soouro  adoquato  ronoval.  This  iJ'Ofc.aae  further 
entails  a  slowing  of  aeration  rates  and  a  longthoai  .g  of  aeration  tino, 
to  soouro  ronoval  of  iho  quatcnv.ry  (avoidance  of  u.eto)  and  avoidanoo 
of  oxoossi.o  vrotor  loss  in  tho  foan. 


Tho  altorativos  in  practical  use  v.'culd  scon  to  bo  either  (a)  to  ha vo 
a  fairly  oonploto  analysis  of  tho  rav;  .....ocr  to  be  treated  in  order  to 
cstiicato  ■'"ho  required  doso  of  quatermry,  or  (b'  to  set  tho  quostornary 
doso  and  aeration  tine  and  rate  at  Invols  adoquato  to  oopo  \rzh.  ary 
variation  in  water  conpesitien  likely  to  bo  cncountorod*  Tais  latter 
one  would  soon  tc  bo  the  only  poasibio  proooduro  in  the  fiold* 


In  viow  of  the  narked  of  foots,  for  oxar.plo,  cf  ovon  voi^' s  rr.ll 
qua^ntities  of  Al*"'"*^,  it  v/ouL'.  so-n  that  setting  arbitrary  figures  h.igh 
ore-ufh  for  ull  -'aters  th-.t  oouid  bo  v-aocuntered  in  the  fiold  ^.-ould 
bo  both  unooononio  ar^  proor  rious.  It  is  therefore  o  UAoluded  tiiat 
unless  further  research  indicates  v.-cys  of  ovcrocrung  the  intorforanoc, 
^0  process  la  not  adapter  to  fiold  use*  To  date,  no  xecula  have  t«3en 
iound  on  ovorooriing  tlio  intorferonoo.  This  oonolusii.Ti  docs  ret  pro** 
oludo  ocr*aidoratior.  of  tho  preoeas  whore  water  oenpesition  is  la-.cvn* 
and  irvirly  stable}  for  this  applicatiun  it  has  seno  intoroatin^: 
pc  to  nt  ia  1  iti>o  8  . 


